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Ø Challenges of Rialto/Colton Plume

Ø Discussion of the Feasibility of Cleanup

Ø Summary of Perchlorate Remediation Alternatives

Ø An Emerging Approach, and the Case for In Situ 

Bioremediation Testing

Ø Conceptual Demonstration Project

Presentation Outline



Kleinfelder’s Perchlorate Task Force

• Formed to assist our clients and their 
communities with perchlorate concerns

• Integrated “Think Tank” for perchlorate issues-
regulatory, political, site investigation, risk 
assessment, and remediation

• Includes Kleinfelder’s top geologists, 
hydrogeologists, modelers, chemists, engineers 
and environmental scientists

• Partnered with Dr. Eric Nuttall, a national 
expert on perchlorate chemistry and remediation 
from the University of New Mexico



Ø Three aquifers, a large vadose zone, and deep soil source likely in dry 

upper aquifer

Ø Aerially extensive plume

Ø Historical variations in water levels (58 feet in last four years)

Ø Difficult to construct wells (lost bits, casings, etc.)

Ø Heterogeneous stratigraphy with significant inter-fingering of diverse soil 

layers, aquitards, and anomalous unsaturated aquifer

Ø Oxygen in groundwater near saturation

Remediation Challenges of Rialto/Colton Plume



Ø Groundwater plume covers a broad area

Ø Needs source and boundary cleanup strategy

Ø Three target areas- vadose zone source, groundwater source, fugitive plume

Ø Boundary strategy has several advantages

Ø Limits site investigation scope, time and costs

Ø Limits remediation extent and costs

Ø Evaluation of data more straightforward

Ø More definitively controls risks

Feasibility of Cleanup
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Ø Many perform poorly in tight soils or fractured bedrock

Ø Many not feasible for deep plumes/soil contamination

Ø Extraction-related remediation limitations
• Bioaccumulation with groundwater extraction, requiring        
frequent disinfection, chlorine addition to groundwater
• Scaling of wells with mineral precipitants
• Poor yield in fine-grained regions, several wells required
• Uncertainty in heterogeneous soils/ multiple aquifers

Ø Liquid injection-related limitations
• Clogging the aquifer with precipitants or biomatter
• Poor distribution in fine-grained regions or heterogeneous soils

Limitations of Current Remediation Technologies



Simplified Perchlorate Biodegradation 
with Various Electron Donors

4[ClO4] + 2[CH3CH2OH] + Microbesà 4CO2 + 6H2O + 4ClO-

100 lbs Perchlorate : 25 lbs Ethanol : 50 Pounds of Carbon Compounds

ClO4 + 3H2 + Microbes à 3H2O + ClO-

100 lbs Perchlorate : 1 lb Hydrogen : 0 lbs Carbon Compounds

3[ClO4] + C6H8O7 +Microbes à 6CO2 + 4H2O + 3ClO-

100 lbs Perchlorate : 50 lbs Citric Acid : 100 lbs Carbon Compounds



Summary Experience - Lab to Field

Direct Push Delivery System

Mixing tanks and feed pumps

Direct push equipment



Microcosm Bench Testing
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Approach to Engineering Plume Control

Mass Donor = Mass Flux * Degradation Ratio * FS



Ø Diffuses well though heterogeneous soils

Ø Can penetrate tight soils 

Ø Low carbon build-up

Ø Virtually eliminates biofouling and scaling problems

Ø Can be adapted to changes in water levels or groundwater 

velocities

Ø Straightforward monitoring and results

The Case for Vapor-Amended Bioremediation



Conceptual Stringfellow Approach

Proprietary



•1400 ppm max.

3100 ppb max.

64 ppm

Highest Concentrations from 1997 to 2004

Migrated laterally 
400’

ØMigrated Vertically 140’

ØMigrated Across Two 
Hydraulic Zones

HDD is Inexpensive, Fast, and Easily ImplementedHDD is Inexpensive, Fast, and Easily Implemented



Steep 35% grade increase 
during last 25 ft

Approximately 35 ft 
drop in elevation

Example of HDD Used InExample of HDD Used In
Remediation for Del Monte FoodsRemediation for Del Monte Foods



Summary of Advantages of Horizontal BioSparging
• Complete horizontal cut-off of perchlorate plume

• Minimal footprint, no trenching, no surface interference

• Microfuse fitting would provide efficient and reliable 
gaseous donor delivery in tight soils or fractured bedrock

• Independently controlled sparge heads for maximum 
flexibility in response and optimization

• Outer casing for low pressure liquid donor delivery

• Installed for a fraction of the cost of vertical extraction wells

• Very low maintenance- one well, one mixer, minimal 
consumables



Conceptual Location for Demonstration Project
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Demonstration Project Test Well



Demonstration Project Conceptual Details
• Install one dual-nested vertical well to test
amended biosparging and soil remediation
• Extract effluent to monitor vadose zone bioremediation or 
install a probe
• Install new monitoring well(s), or place test well near 
existing monitoring well to test influence in groundwater/soil
•Investigate soil contamination profile with demonstration 
project soil boring(s)
• Run test for approximately 6 months
• Will provide data for approaches involved with all three 
target areas



Project Execution Strategy and Schedule
• Submit Letter Feasibility Study- within 6 weeks of 
Approval to Proceed
• Submit Demonstration Project Letter Workplan-
Approximately 4 weeks from Feasibility Study Approval
• Install Demonstration System and Submit Letter Startup 
Report- Approximately 6-10 weeks from Letter Workplan 
Approval
• Submit Monthly Progress Reports
• Submit Final Demonstration Project Report including 
conclusion and recommendations- Approximately 4-6 weeks 
following completion of Demonstration Project



Questions?




